Introduction
Scattering of light in holographic media has been studied by many investigators in the field of acousto-optics and holographic recording by absorption and photorefractive gratings [1] [2] [3] [4] [5] . For thick gratings, light diffraction in isotropic media has developed in the coupled wave theory of Kogelnik [1] . Montemezzani and Zgonik [2] have culminated this theory for anisotropic thick gratings. Many investigators defined thick and thin gratings regime. However, the more exact definition of thick and thin gratings has been given by Gaylord and Moharam [6] . Many approximate methods of solving Maxwell's equations in an inhomogeneous medium to obtain approximate diffraction formulas or relations are known (WKB approximation, phase function method), because it is difficult to obtain the correct solution. Kojima [3] investigated the problem of diffraction of light in phase gratings in absorption of less anisotropic materials, finding solutions in the Raman-Nath diffraction regime using a phase function method and in the Bragg diffraction regime using the Born approximation in the undepleted pump limit. The rigorous coupled wave analysis for intermediate regime in isotropic media has been done by Moharam and Gaylord [7] . The theory of light diffraction, in acoustically produced thin media (refractive index gratings) has been investigated in a series of the papers written by Raman and Nath [4] , which applies to isotropic materials. In anisotropic thin media, the theory of light diffraction only for refractive index gratings we have investigated in the previous work [5] . The couple wave theory for thin anisotropic media was not investigated completely.
In this work, we have developed a diffraction theory, valid for anisotropic thin holographic media with refractive index and absorption modulations. The entrance and exit surfaces of the medium are parallel to each other. We treat the case of transmission gratings only, the former being characterized by a diffracted beam exiting the medium through the same surface as the transmitted beam. We solve the coupled wave equations for thin anisotropic transmission gratings, in a method of slowly varying amplitudes. The coupled wave equations are solved to give the diffraction efficiency and the angle-mismatch sensitivity. For an apparent distinction, we presented the results with only dielectric modulation, too.
This article is organized in the following way. Section 2 performs the basic equations. Section 2.1 performs adduction of the derivation of the couple wave equations valid in anisotropic thin media. In Sec. 2.2, we have derived a solution of the coupled wave equations in an approximation of unslanted transmission of volume gratings. Theoretical curves and results are shown in Sec. 2.3. Conclusions are given in Sec. 3.
Coupled wave analysis

Introduction in couple wave equations
Our analysis relates to a medium, containing phase (refractive index) and absorption grating, and also to the case of thin transmission anisotropic holograms. An exact definition of a thin grating has been given by Gaylord and Moharam [6] and the conditions to be fulfilled are OPTO-ELECTRONICS REVIEW 15(1), 20-26 * e-mail: gegzakh@yahoo.com above conditions are the medium thickness d, the wavelength in the vacuum l, the average refractive index n 0 , the refractive index modulation n 1 , the absorption modulation a 1 , and the grating spacing L. The grating wavevector r K = 2 p L is parallel to the film surface and we direct normal to the film surface along the y axis and the x axis is chosen in the plane of incidence (Fig. 1) . The incident light is assumed to be monochromatic and linearly polarized. We notice that if the two above conditions are not strictly fulfilled, the diffraction may be described by a mixture of Bragg and Raman-Nath regimes. In such an intermediate regime, the theory presented in this work gives only approximate results and the diffraction would be calculated more precisely by a rigorous coupled wave analysis similar to the one presented earlier for the isotropic case [7] .
As shown by Kogelnik [1] , for thick gratings, it is sufficient to consider the propagation of only two plane waves, pump (incident wave), and signal (diffracted wave). In our case of thin gratings, we have one incident wave and multiple diffracted waves. The total electric field amplitude is given by a sum of plane waves which are propagating along the m-orders [5] r r r r r r
where r E m are the complex amplitudes of the diffracted order m. In absorption crystals, the wave vectors r k m are complex with the imaginary part, which possibly has a different direction than the real part [8] 
The real part, as usual, is related to the wave-front propagation direction for an eigenpolarization in the crystal, but the imaginary part is related to the absorption experienced by the waves [2] . In Eq. 
, where n m is the refractive index for the m diffracted order, r e m is the unit vector along electric-field vector for the m diffracted order, g m is the cosine of walk-off angle between the energy propagation direction and wave vector direction for the m diffracted order. The total electric field amplitude of Eq.
(1) has to satisfy the time-independent vector wave equation r r r t r Ñ´Ñ´-
where t t t e e e = + r i i is the complex second-rank dielectric tensor that includes the effects of the material refractive index and absorption [9] , k c 0 = w is the free-space wave number. From now, on the explicit time, dependence exp( ) -i t w will always be dropped. We assume that the dielectric tensor can be expressed as t t t r r t t r r e e e e e = + × + + ×
where the superscripts 0 and 1 denote the constant and the modulated components, respectively. From Eq. (4), we can see that spatial shift between refractive index modulation and absorption modulation is equal to zero. We may choose our coordinate system to coincide with the main axes of the optical indicatrix, so that the tensor r e r 0 contains only diagonal elements. In contrast, the modulated part of the real dielectric tensor is generally nondiagonal. We can present it as follows 
For crystalline materials with orthorhombic or higher symmetry, the main axes of the imaginary dielectric tensor coincide with those of the real one [9] . For these materials also t e i 0 and t e i 1 are the diagonal elements . (6) We proceed by analyzing the couple wave equations and we insert Eqs. (4) and (1) into the wave equation, Eq. (3). We notice that the first term of Eq. (3) can be represented in the following form r r r r r r r r r r r
The first term on the right hand side of Eq. (7) contains only second-order derivatives of the wave amplitude and can be neglected applying the slowly varying amplitude approximation. The last term, together with the second term of Eq. (3) that contains contribution of the nonmodulated dielectric tensors describes the linear propagation of the wave [2] . It is 
where
is the phase detuning from the Bragg condition for the m diffracted order and q i is the internal incident angle. Using some vector algebra, the terms on the left-hand side of Eq. (10) can be rewritten as 
The left-hand side vector expression in the square brackets gives a vector that is parallel to the energy propagation direction (Poynting vector) of the m diffracted order [9] . One can write r r r r r
with r $ u m being the unit vector along the Poynting vector (Fig. 1) . Using 
is the angle between the normal to the surface and Poynting vector for the m-order diffracted beams.
Solution of couple wave equations
Now, we can solve the couple wave equations, Eq. 
Equation (20), can be re-written in the following form
For the solution of Eq. (24) we shall search, so [5] E y E i m y U y 
where d is the thickness of a medium. Let us define the m-order diffraction efficiency as a ratio between the m-order output-signal intensity and incident pump intensity [2] h is the obliquity term that assures consistent results in a general case when we are interested in the optical energy flow through the input and output surfaces of the medium. The term n g n g m m i i has been often overlooked in the literature. Neglecting this term is allowed only in isotropic materials or in anisotropic materials in the case of a configuration fully symmetric.
Results
In the figures, we show calculations for the case mixed refractive index and absorption modulations thin anisotropic grating and the case refractive index modulation only thin anisotropic grating (parameters are given below). All calculations are for the p-polarization of incident wave. Figure 2 shows the diffraction efficiency as a function of external incident angle for zero-order (transmitted wave). Figure 3 shows the diffraction efficiency as a function of external incident angle for +1-order (diffracted wave). The dashed curves are corresponding to refractive index modulation only (the imaginary part of dielectric permittivity is equal to zero). Figure 4 shows the diffraction efficiency as a function of external incident angle for +2-order (diffracted wave). Figure 5 shows the diffraction efficiency as a function of external incident angle for +3-order (diffracted wave). Figure 6 shows the diffraction efficiency as a function of external incident angle for +4-order (diffracted wave). The calculations are made for the following parameters of a diffraction grating, the grating thickness d = 6.0 µm, the grating period Ë = 5.5 µm, the incident wavelength l = 500 nm, real part of average refractive index and modulation are and , and imaginary part are and , respectively. In this case, the conditions which define the diffraction regime, are ¢ = Q 0 4 . and ¢ = Q g 0 87 . , for normal incidence. According to Ref. 11, we are in Raman-Nath regime. Higher orders of diffraction are also present, but for these parameters of grating they are small, and, consequently, they are not shown here. From Fig. 2 to Fig. 5 , we can see that diffraction efficiency with absorption is lower than diffraction efficiency with only refractive index modulation. As it can be seen from Fig. 3 , the maximums of diffraction efficiency is nearly 40%. Whereupon, the maximums of diffraction efficiency decrease across increase in diffraction order. Approximately, the same diffraction efficiency values are in the smooth diffraction orders. All numerical calculations are made with the program "Mathematica 5.0". 
Conclusions
So, we have extended the coupled wave theory of Raman and Nath to the case of anisotropic materials, namely for anisotropic thin holographic media. We are applying the slowly varying amplitude approximation. Solutions for wave amplitudes and diffraction efficiencies have been given for transmission configurations only. The insights provided by the present approach should be particularly important for the analysis of all anisotropic diffraction processes and also for isotropic interaction of light with volume holograms recorded in materials with strong birefringence, such as liquid crystalline cells and ordered polymers. 
